Venkat Chandrasekhar, Zvi Er =e /2C required to transfer an electron across a junction is much larger than the thermal energy k&T, new features in the transport properties are observed. The dc I-V curves of these arrays are found to be highly nonlinear, with a threshold voltage V, -0.1-0.5 mV below which essentially no current flows through the array. In addition, the zero-bias conductance is a periodic function of a voltage applied by means of a lateral gate. Similar effects have been observed in "squeezable" tunnel junctions formed at the interface of two crossed wires [2] , in the tunneling of electrons through a single metallic grain using a scanning tunneling microscope [3] , and in onedimensional (1D) Si and GaAs devices [4, 5] . In all these systems, electron conduction is strongly affected by the influence of single-electron charging on transport of electrons across a potential barrier.
In this Letter, we present measurements of the transport properties of short indium oxide rings and wires formed between two metallic contacts. These devices have no apparent tunnel barriers; yet, for samples with resistances greater than -60 kA, their behavior is strikingly similar to a series array of two or more smallcapacitance tunnel junctions. We observe in our devices both the effects mentioned above: a highly nonlinear I-V characteristic, with threshold voltages V, typically on the order of 0.5 mV, and a zero-dc-bias conductance which is periodic in a voltage applied by means of a lateral gate.
In some respects, these features in our samples are far more robust than those found in the tunnel junction arrays. We have observed threshold voltages as large as -3.0 mV, and hundreds of periodic oscillations in many of our samples which persist up to temperatures greater than 10 K. Numerical calculations which model our devices as arrays of junctions reproduce most of the features seen in our data.
A schematic of a typical device is shown in Fig. 1(a) . Fig. 2(a) [8] . The resulting dc I-V curve is shown in Fig. 2(a) [9] and Glazman and Chandrasekhar [10] . Here also V, is always greater than zero, as we are modifying the charge on only part of the entire array. Note that for both the experimental data in Figs. 2(a) and 2(b) , and the simulation of Fig. 2(c) [10] . For two junctions, all conductance maxima become temperature independent at low temperatures, similar to the sample of Fig. 3(a) Fig. 3(a Fig. 3(a) , ( 
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Cs/CT=0. 82, i.e. , the segment comprises 80% of the sample. For the sample in Fig. 3(c) , Cg/CT=0. 3, imply- ing that the size of the segment determining the oscillations is only 30% of the sample size. In this case, more than one segment is likely. For a sample with a single segment, we expect the conductance peaks to become temperature independent at low temperatures, while the conductance valleys should show an activated temperature dependence with the same activation energy for each valley, as we find for the sample of Fig. 3(a) . For multiple-segment samples, the temperature dependence of the peaks and the valleys is determined by electron transport across multiple energy barriers of different heights [12] . These energy barriers change as a function of the gate voltage; thus, the temperature dependence of adjacent peaks and adjacent valleys can be vastly different.
The simulation in Fig. 4(b) demonstrates that the assumption of two segments of different size, corresponding to three junctions in series, reproduces qualitatively the features seen in Fig. 3(c) . The temperature dependence of the conductance valleys of the sample in Fig. 3 [14, 15] 
